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In both the rat and the duck, there were definite regions of cellular localization corresponding to the peripheral local regions. In the rat, particularly the regions demarcating the respective regions were shown to be laid three-dimensionally and zigzagged unevenly, but the adjoining regions in the rat or the duck were less vague than in previous studies using axonal degeneration (chromatolysis).
Among the regions of the rat trigeminal ganglion, the largest was the NV2 region, next the NV3, and lastly the NV1. In particular, the space held by the cells innervating the sinus hair occupied almost all the NV2 region.
In the duck, moreover, the Grandry corpuscles of the bill were especially numerous in the upper bill, and were equally innervated from the respective regions of NV1 and NV2 in the trigeminal ganglion. The region of NV3 was quantitatively smaller than that of NV1 or NV2 in the duck (a reduction of about 20%). The above morphological findings indicate that the animal's food seeking behavior is closely related to the constitution of the trigeminal ganglion, so that it might be said that the behavioral characteristics reflect the morphological structure. The present experiments were therefore performed using the HRP method in an attempt to elucidate the arrangement of cells in the trigeminal ganglion of the rat and the duck, and to examine the relationship between the innervation within the facial and oral regions and the food seeking behavior of these animals.
Materials and Methods

Rats
Fifty-three Sprague-Dawley rats (60--80 g) were used. All the experiments were carried out on the left side of the animals.
They were subjected to the experimental procedures after being anesthetized by intraperitoneal injection of pentobarbital sodium (0.1 to 0.2 mg per 10 g body weight). The three main trunci of the trigeminal nerve and the regions of amputation of the branches of the respective trunci are shown in Fig. 1 . As regards the first truncus of the trigeminal, i. e. the ophthalmic nerve (NV1), the nerve was amputated within the orbital cavity after the eye ball and lacrimal gland had been excavated.
In the case of the second truncus of the trigeminal, i. e. the maxillary nerve (NV2), the nerve was amputated immediately after NV2 emerged from the anterior lacerated foramen. Furthermore, as regards the peripheral branches of NV2, the root of the sinus hair of the vibrissae located most dorsally corresponding to the region of innervation. of the external nasal rami and superior labial rami, was amputated ( Fig. 1, SS) . Another branch of the hair in the most caudal and approximal position (PS) as well as a further branch of the hair in the most ventral position (IS), were each cut off. In the case of the mandibular nerve (NV3), i e. the third truncus of trigeminal, about 2/3 of the zygomatic bone and about the upper 1/3 of the mandibular ramus were removed and the nerve was amputated directly at the site where it emerged from the foramen ovale ( Fig. 1) . As for the peripheral branches of NV,, the inferior alveolar nerve was amputated at the point just before it entered the mandibular foramen (NAI). In the case of the lingual nerve, the root of the tongue was exposed without injuring the mouth floor muscles, and the nerve bundle running along the root of the tongue was amputated directly (NL). With the mylohyid nerve the nerve running through the gap between the digastric muscle and the mylohyoid muscle was amputated (NM).
Ducks :
Twenty-seven 3-week-old ducks (120,--, 200 g) were used. The horizontal aspect of the duck's trigeminal ganglion is approximately pyriform. The region corresponding to the smaller bulge of this pyriform part lays rostral and turns slightly towards the medial side. The dorsal surface of the ganglion is slightly depressed by pressure from the bulge of the well-developed optic tectum. NV1 runs from the medio-frontal foramen, and NV2 and NV3 rum from the laterofrontal foramen to the peripheral regions, respectively. As soon as NV1 emerges from the foramen, it turns towards the medial side, and runs forwards along the mediosuperior wall within the orbital cavity. Passing through the dorsal side of the bill, it reaches the nasal foramen, and bifurcates in this region. One branch is the R. praemaxillaris medialis (inf.), and the other is the R. praemaxillaris lateralis (sup.) ( for anesthesia during the operations. NV1 was exposed by stripping the epidermis from the bone and amputated.
The R.
praemaxillaris of NV1 was amputated at a point frontal to the nasal foramen. NV2 was amputated immediately after emerging from the foramen by opening the epidermis. In addition, other cases were amputated more peripherally. NV3 emerges from the same foramen as NV2 Accordingly, after removing the quadrato-jugal bone and enlarging the operational field, the masticate muscles were brought inferior-posteriorwards without causing injury, and NV3 was amputated.
In addition, other cases of NV3 were amputated more peripherally.
Labeling with horseradish peroxidase :
In both the case of the rat and duck, 5 to 10 mg of horseradish peroxidase type VI powder (HRP ; Sigma Co.) was spread over the endoterminal of the central side of the amputated nerve bundle. As a preliminary experiment, tests were made on specimens in which the postoperative survival time after spreading HRP was 24, 48, 72, 120, and 168 hours.
As a result, specimens surviving for 72 hours were adopted in the present experiments. After the survival time had elapsed, the specimens were again anestheszed using pentobarbital sodium, followed by ether, and fixed by perfusion with 0.1 M cacodylate buffer (pH 7.4) containing 1©© glutaraldehyde and 1% paraformaldehyde. They were then preserved at 4°C in 15--30% sucrose-cacodylate buffer solution for one whole day and night, and cut into 30 a serial frozen sections. After being washed 3 times in distilled water they were incubated in 3, 3'-diaminobenzidine-tetrahydrochloride with 0.1 M Tris-HC1 buffer (pH 7.4) containing 0.01% H202 for 15'' 30 min at room temperature, counterstained with cresyl violet, and subjected to microscopic examination both light and dark visual fields.
The contours of the trigeminal ganglion at each level and of each of the cellular regions comprising NV" NV2 and NV3 were traced using the camera lucida technique.
Cells labeled with HRP were dotted within the corresponding region. Frequently, large cells extended over 2 or 3 sections, but such cells were represented by a single section so as to avoid overlapping in dotting.
Results
Rats :
A) Types of ganglion cells observed by Nissl staining.
The types of cells comprising the rat trigeminal ganglion were observed by means of Nissl staining (with cresyl violet). As stated previously, they can be divided roughly into two types based on their size and characteristics developed by staining. One type is large and an aggregated mass of Nissl substance is dispersed in the cytoplasm. The other is apparently small, polygonal in shape and the cytoplasm is stained a dark tone with cresyl violet. Both the large and the small cells are observed here and there in the sections at any level within the respective regions of NV1, NV2 and NV, in the rat trigeminal ganglion, and in The groups of HRP labeled cells seen within the trigeminal ganglion after amputating V1 are illustrated in Fig. 3 . Up to the level of 90 1u, the groups of HRP labeled cells are found in 2 places, i. e. the rostromedial region and the intermediate region at the extreme rostal end. In the sections at levels of around 180 ,a, the HRP labeled cells are apparent only in the former group. The cells in this rostromedial region are contained in the region filled with the small dark cells by Nissl staining.
There, the NV1 nerve fibers join the NV2 bundle as mentioned above.
Cases of amputation of NV, are illus- Fig. 4 . After the amputation of NV2, the HRP labeled cells were plotted as well as in the case of Fig. 3 . Fig. 5 . After the amputation of the most dorsal sinus hair (SS), the HRP labeled cells were plotted. Fig. 6 . After the amputation of the most caudal sinus hair (PS), the HRP labeled cells were plotted. Fig. 7 . After the amputation of the most ventral sinus hair (IS), the HRP labeled cells were plotted. Fig. 8 . The HRP labeled cells were plotted, after the amputation of NV8. Fig. 9 . After the amputation of the inferior alveolar nerve (NAI), the HRP labeled cells were plotted. Fig. 10 . After the amputation of the lingual nerve (NL), the HRP labeled cells were plotted. Fig. 11 . After the amputation of the mylohyoid nerve (MM), the HRP labeled cells were plotted. trated in Fig. 4 . At the levels of 90 p and 180 p, no HRP labeled cells are seen in the space corresponding to the abovementioned NV, region.
Regarding the NV, region, many HRP labeled cells are observed in the sections at any level. It is considered that the NV, region is very large, and HRP labeled cells are observed in both peripheral parts on the medial and lateral sides also. In general, however, they are distributed at a high density from the dorso-lateral side towards the medio-ventral side.
Cases of amputation of the most dorsal sinus hair (SS) are illustrated in The situation after amputating the most caudal sinus hair (PS) is illustrated in Fig. 6 . At the levels of from 90 p to 180 p, the masses of HRP labeled cells are found approximately in the intermediate portion in the medio-lateral direction near the caudal side. In the sections at the levels of from 360 p, the masses of HRP labeled cells are distributed at high density in a space ranging from the lateral portion near the bifurcation of NV3 to the intermediate region.
At the levels of from 540 p to the extreme ventral side, the masses of cells are seen in the space surrounding the bifurcation of NV3.
The results of amputation of the most ventral sinus hair (IS) are illustrated in Fig. 7 . At the levels from the extreme dorsal side to 270 p, the masses of HRP labeled cells are seen in the median region towards the mediolateral direction. As for the rostro-caudal direction, the IS appears to be nearer to the rostral side than to the PS. At the ventral level, furthermore, the masses of HRP labeled cells are observed in a region nearest to the lateral side and towards the rostral side within the NV, region. Fig. 8 shows the HRP labeled cells in the trigeminal ganglion plotted at the respective levels of the sections obtained after amputating NV,. In the sections at all levels, numerous HRP labeled cells are found next to those in NV,. The demarcation between NV, and NV, can be clearly recognized by reference to Fig.  4 . A protuberance, i. e. a so-called bulgelike swelling, in the region where the nerve fibers of NV3 join the nerve fibers of NV, (Mazza and Dixon, '72), is constructed for all the cells that form this portion and belong to NV3. Fig. 9 illustrates the case where NAI was amputated just before it enters the mandibular foramen.
At the level of 360 p from the most dorsal side, the HRP labeled cells are apparently fewer in number than those seen in Fig. 8 . In this case, the HRP labeled cells exist at high density at the protuberance. Fig. 10 illustrates the findings after amputation of the lingual nerve (NL). Masses of HRP labeled cells exist at high density in the NV3 region in a position relatively more lateral to that seen after amputation of the inferior alveolar nerve (NAI). In particular, masses of HRP labeled cells are distributed at a higher density in the region forming a protuberance from the level of 270 p towards the ventral side. Fig. 11 illustrates the findings at each level after amputation of the mylohyoid nerve (NM). The number of HRP positive cells observed at each level is considerably smaller than that for NAI and NL. The main space whith can be observed is the On the other hand, the cyto plasm of the large cells is thickly stained and appears pale, and the Nissl bodies tend to be minute and powdery. The large cells in the duck are apparently slightly smaller than thos e of the rat.
B) Localization of HRP reactive cells per
section. The duck trigeminal ganglion is situated within the impressio trigemini inside the skull, and its axial line lies on a line connecting the dorsomedio-rostral side to the ventrolatero-caudaudal side. NV1 leaves the skull from the foramen opening towards the front of the skv11, and NV2 and NV3 leave the skull from the common foramen in the inferior portion of the skull (Fig. 2) .
The respective region of NV1, NV, and NV, in the trigeminal ganglion are clearly demarcated from one another Fig. 13 illustrates the interrelations between these regions.
The upper figure shows the horizontal aspect, and the lower one shows the vertical aspect. They indicate that the NV1 region is situated largely on the dorso-medial side, the NV3 region is situated mostly on the ventro-lateral side and the NV, region is located between them. Also, the region of the R. praemaxillaris lateralis of NV1 occupies about 2/3 of the whole area of NV1. Accordingly, it may be said that the R. peripheral portions, no significant differences are noted in the results. Finally, in the duck trigeminal ganglion, it can be said that the regions of NV1 and NV2 occupy almost identical large areas, but the space occupied by NV, is about 20% smaller than that of NV1 or NV2.
Discussion
Many attempts have been made to elucidate the subdivisional organization of the trigeminal ganglion (Allen, '24, Mazza and Dixon, '72, Arvidson, '75, Furstman, '75, etc.). The present author concentrated on rats and ducks, and noting that they have special receptor organs for participation in food seeking behavior, investigated how such behavior might be related to the structural organization of the trigeminal nervous system.
Allen stated that the regions of NV1 and NV2 in the cat trigeminal ganglion partially overlap with the region of NV,. Mazza and Dixon also reported that the regions of the external nasal nerve and the superior labial nerve of NV2 overlap with each other, based on on the chro-matolysis of ganglion cells in the rat. k From the present results for rats using the HRP method, however, the subdivision of the ganglion relating to the peripheral localization could be more clearly and precisely distinguished for each branch.
After amputating NV1, masses of HRP labeled cells appeared in the dorsomedialrostra! part of the trigeminal ganglion. The labeled cells were small in number compared to those of NV2 and NV3. The main mass of the cells was divided in to two parts, i. e. medial and rostral parts. It appears that one of the two stems is from the lacrimal gland, whlle the other is projected from the frontal region of the face. Discrimination between the two was not possible in the present experiments due to the great difficulty involved in operating inside the rat orbital cavity.
In specimens of the wholly amputated nerve bundle of NV2, the total number of cells was greater than that observed in the case of wholly amputated NV3. The space occupied by the masses of nerve cells originating in the most dorsal sinus hair (SS) lay towards the medial side, while the space for those originating in the most ventral sinus hair (IS) lay towards the lateral side.
Intermediate between these two spaces or a little towards the lateral side, lay the space for those originating in the most caudal sinus hair (PS).
As regards the space occupied by each branch of NV3 among the three the inferior alveolar nerve (NAI) lay nearest to the medial side. The mylohyoid nerve (NM) lay nearest to the lateral side, and the region of the lingual nerve (NL) lay somewhat towards NAI, between NAI and NM.
Concerning the structural organization in the terminal nucleus of the rat trigeminal primary fibers, it has been reported that in both the case of the trigeminal main sensory nucleus and the trigeminal spinal nucleus, NV, appears on the most ventral side of the long column of terminal nuclei, NV, on the most dorsal side, and NV2 intermediate between the two (Matano et al., '73 ). The principle of such an arrangement of NV,, NV2 and NV3 in the terminal nuclei has also been demonstrated in other animals such as the cat (Kerr, '63) .
Considering the above findings together, it seems reasonable to infer that the axons of cells nearest to the dorsal and medial side within the trigeminal ganglion, for example, terminate in the most ventral portion of the long column of the terminal nuclei.
It is also conceivable that the most dorsal sinus hair (SS) is innervated with the cell group lying on the most medial side of the NV2 region in the ganglion, and that their axonal fibers entering into the terminal nuclei terminate in the ventral region of NV2 in the long cong column nuclei. These inferences can be collated with the results of Nord ('67, '68), who undertook functional studies. Fig. 12 illustrates how each portion of the rat face within the trigeminal ganglion is projected.
The arrangement of ganglion cells in the duck trigeminal ganglion was also examined in the present study by the HRP method. It was found that in each case of the amputated NV1, NV2 and NV3, their respective regions were clearly and separately formed as independent masses. Such results are difficult to gain by observation of normal specimens using Nissl staining or from experiments based on chromatolysis.
The use of the HRP method only, as in the case of the rat, permitted the details to be made clear.
Concerning the total nuber of HRP labeled cells and the quantitative extent of the region, these were about 20% smaller in the regions of NV3 compared to those of NV1 andNV, in the case of the duck.
It may be said that the cells constituting the ganglion are of two types : socalled pale cells and dark cells. With the Nissl staining used by the present author, a large number of large pale cells and a small number of small dark cells were identified in the rat trigeminal ganglion. The presence of small cells was found to be particularly consticuous in the NV1 and NV3 regions of the ganglion. In the case of the duck pale, relatively large cells and small cells that appeared slightly dark were found as a result of the Nissl staining, but both of them were seen to be mixed sporadically in each of the regions (NV1, NV8, and NV8) within the trigeminal ganglion. Consideration must be given to the role that the rat's mystacial vibrissae play as a tactile organ at the time of seeking food. It may be inferred that the sinus hair of the rat functious as a tactile sense amplifying organ participating in the food seeking behavior. For example' Zucker ane Welker (1969) have presented a diagram of the rat approaching food pellets using its mystacial vibrissae.
In the SD rat, the sinus hair at the apex of the rostrum is small ; and the more posterior its position is, the larser are both the interval between the respective pieces of sinus hair and the length of the hair. Based on the present experiments on the intake of HRP from the sinus hair, it was found that the region innervated by the sinus hair was limited to the NV2 region and occupied almost all of the NV2 region. The NV2 region itself in the trigeminal ganglion is the largest among the three region. Accordingly, it may be said that the importance of the sinus hair in relation to seeking food behavior is clearly reflected in the morphological organization of the trigeminal ganglion.
It was reported, initially by Grandry  (1869a, b) , that Grandry corpuscles occur in the bill of the duck as the terminal organ of tactile sense were later noted similar organs in various other of birds (Krause, 1880-81, Markel, 1876, 1878, Kultschizky, 1844, Dogiel, '04). A recent report also states that suchan organ is observed not only in the bill but also in the toe skin of the chicken (Ide and Mungel, '78), while Nickel et al. ('77) have indicated that the Grandry corpuscles in the bill are closely related not only to the type of food that birds eat but also to their method of food prehension.
The Grandry corpuscle of the duck is a small, slightly elliptical organ organ of about 50 a in diameter, and it is said on the basis of electronmicroscopic investigations that its origin may be the neural crest (Saxod, '70 ). Grandry corpuscles exist in both the upper and lower bill, but they are particularly numerous at the apex and lateral margin of the upper bill and the nasopalatine regioa, spreading to the regions of NV2. Their function is believed to be involved in the seeking and selection of food.
In the case of amputation of NV1, NV2 and NV3 in the duck, the quantities of the respective regions occupied by HRP labeled cells were found to be such that those of NV1 and NV2 were almost identical that of NV, was about 20% smaller.
This may indicate that while the tactile sensory areas related to the rat's seeking behavior are innervated chiefly by NV2, the tactile sensory areas related to the duck's food seeking behavior are innervated by both NV1 and NV2. It appears that the rat, first of all, seeks food with its mystacial vibrissae which belong to the NV2 region, and then after locating it, commences feeding behavior, while the duck swallows food after taking selective action to assess the properties of the food with its upper bill which is innervated by NV1 andNV2. That is to say, the morphological organization of the trigeminal ganglion is constructed in a way which reslects the specific food seeking behauior characteristic of these species.
